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FLEXIBLE PROMPT TABLE ARRANGEMENT 
FOR A PIN ENTERY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a type of transaction ter 
minal knoWn as a PINpad, and in particular to a system and 
method for enabling displayed user prompts and numeric 
keypad assignments, i.e., the manner in Which digits input 
through the numeric keypad are interpreted and processed, 
to be secured so as to permit entry of information other than 
PIN numbers using the keypad of the PINpad. The invention 
also relates to a system and method for enabling the secured 
user prompts and keypad assignments to be varied or 
updated after installation of the PINpad. 

[0003] The invention uses a prompt table to associate the 
user prompts With keypad assignments, thereby permitting 
numeric keys on the keypad to be used for entry of numeri 
cal data other than PINs if and only if pre-formatted prompts 
or messages appropriate to the data have been previously 
displayed, and are still on the display When the data is 
entered. Unlike conventional static prompt tables used for 
the same purpose, hoWever, the dynamic prompt tables of 
the preferred embodiment of the invention are in the form of 
authenticatable ?les that may be loaded into the PINpad, 
thereby permitting variation in the prompts and keypad 
assignments. 

[0004] In accordance With the principles of an especially 
preferred embodiment of the invention, the authentication 
procedure involves use of a smart card having an embedded 
private key to sign the prompt table ?le, a signer’s public key 
certi?cate to be transferred With the prompt table ?le, and 
authentication of the signer’s public key certi?cate based on 
an oWner’s or sponsor’s public key certi?cate stored in the 
PINpad. 

[0005] 2. Description of Related Art 

[0006] A PINpad is a small device featuring a basic 
keypad With numeric keys, function keys, and a small 
display. The PINpad’s primary function is to permit a user 
to enter a PIN, and to securely communicate the PIN to an 
external computing device. This means that the PIN never 
leaves the device in plainteXt, but rather must alWays be 
encrypted before being retrieved from the PINpad. A typical 
displayed message is “Enter your PIN.” Once the PIN is 
entered, the PINpad encrypts the number and sends it to a 
remote location for veri?cation by comparison With a PIN 
stored in a database. 

[0007] In addition to entry of PINs for veri?cation, the 
PINpad may be used to enter non-numeric information such 
as selection of a transaction type or amount approval. In the 
?rst generation of PINpads, these functions Were handled by 
dedicated function keys, With the numeric pad being solely 
for the purpose of entering PINs. 

[0008] HoWever, there has been an increasing demand for 
PINpads capable of handling entry of numeric information 
other than PINs, such as Zip codes, odometer readings, or 
license numbers, Which are echoed back on the display sent 
out in plain teXt rather than cipher, upon display of appro 
priate prompts such as “Enter License Number.” In order to 
limit the ability of a malicious programmer to modify the 

Jan. 2, 2003 

prompts and trick the user into entering a PIN or other 
sensitive information When the information Will be sent out 
in plainteXt, the conventional approach is to pre-store 
prompts and enable the numeric keys only When a corre 
sponding prompt is displayed. The association of prompts 
and numeric key enablement is handled by a static table 
knoWn as a “prompt table” that is included in the PINpad 
?rmWare. 

[0009] The prompt table protects data entry by enabling 
numeric keys to be used for data entry other than a PIN if 
and only if pre-formatted and knoWn messages are previ 
ously displayed and are still on the display When the digits 
are entered. The messages are gathered in the static prompt 
table. 

[0010] The major disadvantage of the conventional static 
prompt table is its in?exibility. The messages have to be 
knoWn up-front When the PINpad is built, since the prompt 
table is included in the PINpad ?rmWare. If neW messages 
are necessary for a given application, then a neW ?rmWare 
version has to be created and a neW PINpad version built. 
Moreover the programmer needs to knoW hoW the messages 
are ordered in this prompt table so as to be able to select the 
correct one at the correct time. In addition, messages in this 
arrangement can only be displayed in association With a 
speci?c display function. 

SUMMARY OF THE INVENTION 

[0011] It is accordingly a ?rst objective of the invention to 
provide a system and method for enabling the numeric 
keypad of a PINpad to be used for entry of data other than 
PINs, While ensuring that prompts associated With the data 
entry correspond to the type of data entered, thereby pre 
venting a malicious programmer from causing a prompt to 
be displayed that calls for input of sensitive data such as a 
PIN, When digits input to the keypad are to be sent out in 
plain teXt. 

[0012] It is a second objective of the invention to provide 
a system and method of using a prompt table to enable the 
numeric keypad of a PINpad to be used for entry of data 
other than PINs, and that further permits variation in the 
prompts and key assignments permitted by the prompt table. 

[0013] These objectives are achieved, in accordance With 
the principles of a preferred embodiment of the invention, by 
arranging a prompt table that correlates user prompts With 
key assignments to be dynamically loaded into the PINpad 
as an authenticatable ?le, at any time during the PINpad life, 
and by using digital signing techniques to ensure that the 
prompt table loaded in the this method is authentic. Further, 
the invention enables multiple prompt tables to be loaded 
and co-eXist in the device, thereby enabling several lan 
guages to be invoked or the use of the PINpad device in 
connection With different remote applications With different 
needs. 

[0014] Unlike the conventional static prompt table mecha 
nism, the display of a prompt controlled by the dynamic 
prompt table of the preferred embodiment of the invention 
may be carried out using an eXisting display interface 
function, thereby eliminating the need for a special interface. 
The mechanism is implemented in such a Way that any 
message sent to the display Will enable the numeric keys to 
be echoed on the display, but entered digits Will only be 
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processed for transmission outside the PINpad if the mes 
sage is part of one of the loaded prompt tables. In other 
Words, in the preferred embodiment of the invention, only 
the messages present in one of the loaded prompt tables 
activate the numeric keys. Since addition of neW prompts or 
messages can be carried out simply by uploading a neW 
prompt table ?le, the programmer requires no knowledge of 
the organiZation of existing prompt table ?les to activate the 
numeric keys. 

[0015] While the method of the invention may be used 
With any terminal system capable of ?le authentication and 
generation of a random number, and is not to be limited to 
any particular authentication method, in an especially pre 
ferred embodiment of the invention, the clear ?le containing 
the random number is signed by a system that includes a 
private key contained on a smart card protected by multiple 
PINs, and a corresponding public key certi?cate modi?ed to 
include a clear string in, for eXample, the FileType ?eld, and 
in particular that includes the folloWing elements: 

[0016] a certi?cation authority/smartcard manage 
ment system that issues smartcards containing a 
signer certi?cate, a private key for generating digital 
signatures, one or more PINs for accessing each of 
the smartcards, and an embedded secured processor 
capable of performing all digital signing operations 
that require access to the private key; 

[0017] a customer ?le signing tool including a smart 
card reader arranged to digital sign a ?le upon input 
by the user of one or more PINs corresponding to the 
PIN or PINs on the smart card, the smartcard per 
forming all operations that require access to the 
private key before supplying the results of the opera 
tions to the customer ?le signing tool for further 
processing as necessary to generating a digital sig 
nature that can be appended to the ?le together With 
the signer certi?cate and doWnloaded to the terminal; 

[0018] a terminal to Which the signed ?le is to be 
doWnloaded, the terminal including a means for 
verifying the digital signature according to the signer 
certi?cate, and a higher level “sponsor certi?cate” or 
“oWner certi?cate” for authenticating the signer cer 
ti?cate. It is noted that the term “sponsor certi?cate” 
is generally equivalent to the term “oWner certi? 
cate,” and that these terms are used interchangeably 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a How chart illustrating a method of 
clearing or restoring a terminal to its default state in accor 
dance With the principles of a preferred embodiment of the 
invention. 

[0020] FIG. 2 is a schematic diagram of a key manage 
ment and ?le authentication system in Which the method and 
system of the preferred embodiment may be utiliZed. 

[0021] FIG. 3 is a ?oWchart of a key management and ?le 
authentication method corresponding to the system illus 
trated in FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] As illustrated in FIG. 1, the preferred method of 
enabling the numeric keypad of a PINpad to be used for 
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entry of data other than PINs, and of enabling the prompts 
and keypad assignments used to facilitate entry of such data 
to be varied, involves the folloWing steps: 

[0023] providing a ?le including a prompt table hav 
ing as entries a list of prompts and corresponding 
keypad assignments (step 100); 

[0024] digitally signing the prompt table ?le (step 

[0025] loading the prompt table ?le into a terminal 
(step 120); and 

[0026] authenticating the prompt table ?le (step 130), 
after Which data entered through the keypad may be 
processed, according to entries in the prompt table, 
as non-PIN data if and only if a corresponding 
prompt has been, and continues to be, displayed on 
a display of the PINpad. 

[0027] Turning to FIG. 2, the preferred system includes a 
terminal 2 having a display 20 and standard display interface 
21, a numeric keypad 22, function keys 23, softWare for 
displaying prompts in response to pressing of selected ones 
of the function keys 23 and for processing data input through 
the numeric keypad in accordance With the selected func 
tions, and one or more prompt table ?les arranged to initiate 
said data processing in response to display of prompts listed 
in the prompt table. 

[0028] According to the principles of the invention, the 
prompt table ?les are arranged to be loaded into the terminal 
using an appropriate ?le authentication method. One 
eXample of a ?le authentication arrangement, although it 
Will be appreciated by those skilled in the art that, for 
purposes of the present invention, any ?le authentication 
system capable of authenticating a signed prompt table ?le 
may be used, and that the speci?c ?le authentication system 
illustrated in FIG. 2, and the method illustrated in FIG. 3, 
are included herein solely for purpose of illustration and not 
by Way of limitation. 

[0029] As illustrated in FIG. 2, the system of the preferred 
embodiment of the invention includes, in addition to termi 
nal 2 arranged as set forth above, a certi?cation authority/ 
smart card management system 4 that issues smart cards 6 
containing one or more signer certi?cates 9, one or more 
private keys 3 corresponding to the signer certi?cates for 
generating digital signatures, and PINs 13 for enabling 
controlled access to the digital signing process carried out by 
the ?le signing tool 5 for the purpose of signing the 
above-described prompt table ?les. 

[0030] Optionally, to protect the private key, smartcards 6 
may be arranged to store the private key 3 in such a manner 
that the private key can only be accessed by a secure 
processor embedded in the smartcard, the secure processor 
being programmed so that it performs all digital signing 
operations that require access to the stored private key. In 
addition, further protection for the signing operation may be 
provided by requiring entry of one or more PINs before the 
smartcard can be used in a prompt table ?le signing opera 
tion. 

[0031] Smartcards that include a secure processor and the 
capability of storing information in a manner that ensures 
that the stored information can only be accessed by the 
secure processor are commercially available from a number 
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of sources, and the present invention can use any such 
smartcards. In addition, the present invention could utilize 
other types of portable storage/processing devices, including 
optical cards having internal secure processors. The exact 
structure of the smartcard is not critical, so long as the 
smartcard is capable of performing all necessary ?le signing 
operations that require access to the stored private key. It is 
possible, for example, to perform all digital signing opera 
tions on the smartcard, or to assign operations that do not 
require key access to the ?le signing tool 5. Of course, it is 
essential that the private key (or keys) stored on the card 
cannot be accessed by physically tampering With the card, 
but tamper protection features are readily available in con 
ventional smartcards. 

[0032] In the preferred embodiment of the invention, the 
entity that prepares the smartcard 6 is certi?cation authority/ 
smartcard management system 4. While the certi?cation 
authority/smartcard management system of the preferred 
embodiment of the invention is not to be limited to a 
particular hardWare con?guration, one possible con?gura 
tion is a regular PC 7 running WindoWs NT, a smartcard 
DataCard reader/printer 5 that prints information on the 
cards and that loads the private keys and certi?cates into the 
smartcard, and a GCR410 smartcard reader used to validate 
the generated smartcard before sending it out. The private 
key may be generated by any private-public key generating 
algorithm, of Which a number are Well-knoWn. 

[0033] Also in the preferred embodiment, the signer cer 
ti?cate 9 associated With the private key 3 stored on the card 
may, by Way of example and not limitation, comply With the 
IUT X509-V3 generic certi?cate standard, and in particular 
the PKIX-X509 pro?le. Since this is a publicly available 
standard Well-knoWn to those skilled in the art, further 
certi?cate de?nitions are not included herein, except to note 
that several private ?eld extensions to the pre-de?ned ver 
sion, serial number, algorithm identi?er, issuer, validity 
period, key oWner name, public key, and signature ?elds of 
the certi?cate may be added to de?ne speci?c key properties. 
Especially advantageous are extensions that limit ?le types 
attached to the certi?cate, key Width (Which permits multiple 
keys to be loaded in the same ?eld is the key is “narroW,” for 
example in the case of sponsor certi?cates), and an identi?er 
for a replacement certi?cate. 

[0034] The customer ?le signing tool 5 may also include 
a regular PC 10 running WindoWs NT, and a GCR410 
smartcard reader 11 that receives the smartcard and uses it 
to process the prompt table ?les for doWnloading to the 
terminal 1. In particular, the ?le signing tool must at least be 
capable of receiving the prompt table ?le and supplying data 
necessary to the digital signing process to the smartcard 
reader for transfer to the smartcard, of receiving the digital 
signature 12 from the smartcard, and of supplying the 
digitally signed prompt table ?le to the terminal 1, prefer 
ably together With the signer certi?cate retrieved from the 
smartcard. 

[0035] If the smartcard is to be protected by a PIN 13, then 
the ?le signing tool 5 must be capable of relaying an input 
PIN to the smartcard for comparison With a PIN stored on 
the card by the certi?cation authority 4. In order to enable 
multiple PINs to be established, it is simply necessary to 
include a ?eld in the memory area of the card designating the 
number of PINs, and to store the multiple PINs on the card. 
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Corresponding PINs must be sent separately from the cer 
ti?cation authority to the ?le signing entity, for distribution 
to the person or persons that carry out the ?le signing. These 
PINs may be distributed to multiple individuals and correct 
entry of all PINs required to enable signing of a ?le, thus 
ensuring that a single individual cannot access the card 
Without cooperation from all PIN holders, or the multiple 
PINs may be associated With multiple access levels. In the 
latter case, one PIN might be used to permit signing of 
certain non-critical types of ?les, While multiple PINs might 
be required to permit signing of critical ?le types. 

[0036] As indicated above, terminal 2 is a PINpad having 
the capability of authenticating a doWnloaded ?le by 
decrypting the digital signature 12 With a corresponding 
public key 14 derived from the signer’s public key certi?cate 
9, and of authenticating the public key certi?cate 9 by means 
of an oWner’s certi?cate 15 that has previously been 
installed in the terminal, for example by the certi?cation 
authority, and preferably by using appropriate authentication 
procedures. One example of such a transaction terminal is 
manufactured by VeriFone, Inc., a division of HeWlett 
Packard, Which utiliZes a single chip microcontroller With 
GPV3 functionality implemented as an on-chip hard-coded 
ROM and ?xed-use RAM With suf?cient input/output capa 
bilities to drive a display, scan a keypad, support a magnetic 
card reader and primary interface, and a communications 
port for communicating With a main processor internal or 
external to the host platform. Additional support for authen 
tication may be provided by an optional transaction speed 
coprocessor arranged to provide RSA cryptography func 
tions, and to communicate With the core processor by means 
of triple DES encoding or a similar data protection algo 
rithm. The input/output features of the terminal may be 
omitted When the core is used as a security module in a 
PINpad. 

[0037] Such a terminal is capable of receiving the prompt 
table ?le doWnloaded from the ?le signing tool, and of 
authenticating the ?le by extracting the public key 14 from 
the signer certi?cate 9, decrypting the digital signature 12 
using the public key 14, and comparing the values extracted 
from the decrypted digital signature With either a refer 
ence value, (ii) values extracted from the signed ?le, and/or 
(iv) values extracted from the signer certi?cate, depending 
on the speci?c algorithms used to generate the digital 
signature, and on the speci?c authentication method used by 
the terminal, Which may be pre-determined or selected based 
on information provided in the public key certi?cate. 

[0038] If the signer certi?cate used to authenticate the 
prompt table ?le is doWnloaded to the terminal 2 together 
With the digitally signed ?le, then it is necessary for the 
terminal to authenticate the signer certi?cate. In the embodi 
ment illustrated in FIG. 1, the signer certi?cate is signed by 
the certi?cation authority 4 and authenticated by an oWner or 
sponsor certi?cate previously installed in the terminal. 

[0039] Although not shoWn, the terminal may also include 
further certi?cates used to authenticate the one or more 
oWner or sponsor certi?cates during installation. The termi 
nal 2 may include a single partition or multiple partitions 
Which can be assigned to different sponsors, such as different 
banks and/or credit card companies, for storing application 
programs that control data communications, customer 
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prompts, and so forth. Each of these partitions has a different 
oWner’s or sponsor’s certi?cate for authenticating signer’s 
certi?cates. 

[0040] The partitions may, preferably, be arranged in a 
hierarchy that permits different levels of authentication 
Within a partition. Initially, the terminal is provided With a 
root platform certi?cate in a secure root directory. The root 
certi?cate is used to authenticate an operating system par 
tition certi?cate and an application partition certi?cate that 
permit operating softWare loaded by the manufacturer or that 
authenticates the operating system oWner certi?cate of 
another party such as the key management authority to be 
authenticated so that the other party can load operating 
system softWare, and that permits the key management 
authority to authenticate oWner or sponsor certi?cates for the 
application areas of the terminal. 

[0041] Although not required by the present invention, the 
partitions may advantageously be arranged in a hierarchy 
that permits different levels of authentication Within a par 
tition. Initially, the terminal is provided With a root platform 
certi?cate in a secure root directory. The root certi?cate is 
used to authenticate an operating system partition certi?cate 
and an application partition certi?cate that permit operating 
softWare loaded by the manufacturer or that authenticates 
the operating system oWner certi?cate of another party such 
as the key management authority to be authenticated so that 
the other party can load operating system softWare, and that 
permits the key management authority to authenticate oWner 
certi?cates for the application areas of the terminal. 

[0042] In addition to securing the terminal against unau 
thoriZed access through ?le transfers, the terminal should of 
course be physically secured, for eXample by arranging the 
terminal to erase information if an attempt is made to pry 
open the case Without proper authentication, or that renders 
the terminal inoperative upon repeated such attempts. Simi 
lar protection against physical tampering may also be pro 
vided for the smartcard or secure processing unit. Such 
tamper prevention arrangements are Well-knoWn and are not 
part of the present invention. 

[0043] Turning to FIG. 3, the speci?c authentication 
method used in the preferred embodiment of the invention 
involves three principal subroutines or sub-methods carried 
out, respectively, by certi?cation authority 4, ?le signing 
tool 5, and terminal 2: certi?cation, signing, and authenti 
cation. The certi?cation subroutine begins When a request 
for a sponsor certi?cate is received by the certi?cation 
authority (step 200). The certi?cation authority then collects 
data concerning the identity of the requester for the purpose 
of creating the certi?cate or, if the requester is an existing 
customer, authenticates the requester (step 210) by asking 
the requester to the use the ?le signing tool and an existing 
signer certi?cate to sign a ?le supplied by the certi?cation 
authority, thus enabling the certi?cation authority to verify 
that the requester is entitled to neW signer or clear certi? 
cates for a particular sponsor certi?cate. The order is then 
con?rmed by the requester, signer certi?cates for the previ 
ously generated sponsor certi?cate are generated, and the 
signer certi?cates, private key(s), and PIN(s) are loaded onto 
a smartcard (step 220). Finally, the smartcard is sent to the 
requester (step 230), as is a separate communication con 
taining the PIN(s) necessary to use the smartcard. 

[0044] When the sponsor Wishes to load a prompt table ?le 
into a terminal, the prompt table ?le is transferred to the ?le 
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signing tool, (step 240), the smartcard is inserted into the 
card reader of the ?le signing tool (step 250), and all 
necessary PINs are input (step 260). If the set of entered 
PINs is complete and correct, the ?le signing tool generates 
a digital signature (step 270), retrieves the signer certi?cate 
(step 280), and then doWnloads the digitally signed ?le 
together With the signer certi?cate to the terminal (step 290). 

[0045] Upon receipt of the digitally signed prompt table 
?le, the terminal authenticates the ?le by decrypting the 
digital signature and verifying that the resulting plainteXt 
information or values correspond to those included in the 
signer certi?cate (step 300). The terminal then authenticates 
the signer certi?cate by referring to a sponsor certi?cate 
previously stored or loaded into the terminal (step 310), 
completing the authentication process. 

[0046] Having thus described a preferred embodiment of 
the invention in suf?cient detail to enable those skilled in the 
art to make and use the invention, it Will nevertheless be 
appreciated that numerous variations and modi?cations of 
the illustrated embodiment may be made Without departing 
from the spirit of the invention, and it is intended that the 
invention not be limited by the above description or accom 
panying draWings, but that it be de?ned solely in accordance 
With the appended claims. 

We claim: 
1. A system for securing input of non-PIN data using a 

numeric keypad of a PINpad terminal, comprising: 

a dynamic prompt table ?le arranged to permit numeric 
keys on the keypad to be used for entry of non-PIN data 
if and only if an appropriate prompt has been, and 
continues to be, displayed at the time of data entry; and 

a ?le authentication arrangement for authenticating said 
dynamic prompt table ?le upon loading of the dynamic 
prompt table ?le in the terminal. 

2. A system as claimed in claim 1, Wherein said ?le 
authentication arrangement includes a private key and a 
corresponding public key certi?cate containing information 
necessary to authenticate the prompt table ?le. 

3. A system as claimed in claim 2, Wherein said private 
key is stored on a smartcard and is only accessible by a 
secure processor embedded in the smartcard. 

4. A system as claimed in claim 2, further comprising a 
?le signing tool for digitally signing said clear ?le, said ?le 
signing too including a smartcard reader, and Wherein all 
digital signing operations requiring access to said private 
key are carried out by a secure processor embedded in a 
smartcard inserted into said smartcard reader. 

5. Asystem as claimed in claim 2, Wherein said smartcard 
further has stored thereon a signer certi?cate for authenti 
cating said digital signature, said signer certi?cate being 
authenticated by a sponsor certi?cate pre-installed in the 
terminal. 

6. A method of securing input of non-PIN data using a 
numeric keypad of a PINpad terminal, comprising the steps 
of: 

providing a dynamic prompt table ?le arranged to permit 
numeric keys on the keypad to be used for entry of 
non-PIN data if and only if an appropriate prompt has 
been, and continues to be, displayed at the time of data 
entry; and 
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authenticating said dynamic prompt table ?le upon load 
ing of the dynamic prompt table ?le into the terminal. 

7. A method as claimed in claim 6, Wherein said authen 
ticating step comprises the step of digitally signing the 
prompt table ?le using a private key, and appending to the 
signed prompt table ?le a corresponding public key certi? 
cate containing information necessary to authenticate the 
prompt table ?le. 

8. Asystem as claimed in claim 7, further comprising the 
steps of storing said private key on a smartcard and only 
permitting a secure processor embedded in the smartcard to 
access the private key. 
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9. A system as claimed in claim 8, Wherein all digital 
signing operations requiring access to said private key are 
carried out by said secure processor. 

10. A system as claimed in claim 7, Wherein said smart 
card further has stored thereon a signer certi?cate for 
authenticating said digital signature, said signer certi?cate 
being authenticated by a sponsor certi?cate pre-installed in 
the terminal. 


